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STUDIES OF THE SKIN OF THE FETUS AND THE CHILD
II. GLYCOGEN AND AMYLOPHOSPHORYLASE IN THE SKIN OF THE FETUS*
F. SERRI**, M.D., W. MONTAGNA***, PH.D. AND H. MESCON**, Ml).
Our knowledge of the presence and behavior
of glycogen in normal and pathologic human
skin has steadily progressed during the last few
years. Yet, investigations of glycogen during the
various phases of development of the skin of man
have been few and fragmentary (1—8). It is
well known that glycogen is abundant in the
skin during the first fetal months, and that it
tends to disappear after the fifth month, re-
maining only in small quantities in the cells of
the malpighian layer. Glycogen persists, how-
ever, in the sebaceous glands, eccrine sweat
glands, and in the external root sheath of the
hair follicles. The presence of glycogen in the
skin during fetal and postnatal life undoubtedly
has a functional meaning, it being of primary
importance in tissue metabolism (9, 10, 11). It
has seemed to us important to reinvestigate
systematically the distribution of glycogen in
the skin of the fetus, making parallel investiga-
tions of the distribution of amylophosphorylase,
the catalytic action of which is indispendable
for the metabolic utilization of carbohydrate.
MATERIALS AND METHODS
This study is based on fresh tissues from 46
fetuses, 4 to 32 weeks old, obtained from inter-
rupted pregnancies, surgical and spontaneous,
and from premature births, immediately after
parturition. Any fetus which showed signs of
maceration, or which did not seem absolutely
fresh, was discarded. From each fetus, pieces of
skin were removed from the scalp, forehead,
face, chest, abdomen, back, palms and soles,
fingers and toes. Each specimen was cut into two
portions: one piece was stored in dry ice for not
more than 48 hours for the study of phospho
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rylase; the other piece was fixed for 24 hours in
Helly's fluid for general histological preparation,
and for the demonstration of glycogen and muco-
polysaccharides. Phosphorylase activity was
revealed with the method of Takeuchi and
Kuriaki (12, 13, 14, 15). Glycogen and muco-
polysaccharides were demonstrated with the
Hotchkiss-McManus reaction (PAS), controlled
by digestion with salivary amylase. A variety of
other histological technics were also employed,
among which were Alcian blue, toluidin blue
buffered to pH 5.0, hematoxylin and eosin, Van
Gieson's, Laidlaw's, and the Verhoeff stain.
OBSERVATIONS
For convenience, we have separated our
observation into three sections. In the first, we
have gathered the observations made upon fetuses
one to three months old; the second section con-
sists of fetuses 3 to 6 months, and the third section
of those 7 months to term. Our results have been
graded and schematized in charts included herein.
We have used conventional signs with the follow-
ing values: +, weak reaction; ++, moderate
reaction; +++, strong reaction; 0, no reaction;
—, structure not observed.
Fetuses 1 to 3 Months
Olyco gem. During the earlier periods, the skin
consists of a single-layered epidermis. At about
the beginning of the fourth week, the epidermis
attains a stratum germinativum and the pen-
dermal layer; in the tenth to the twelfth week, a
stratum intermedium develops between these
two layers. During the early stages of its forma-
tion, the stratum intermedium is composed of
cells that are smaller than those of the basal
layer, and which abound in glycogen from the
time of their appearance, as do also the cells of the
periderm (Fig. 2); the basal layer contains con-
siderably less glycogen, and often it contains
none (Fig. 4). There are notable variations in
the contents of epidermal glycogen, depending
upon the region which is examined. Glycogen is
abundant in the fingers, palms, nose, lips, and
cheeks, but is present only in lesser amounts in
the thinner epidermis of the limbs, abdomen
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FIG. 1. Skin from the abdomen of a 4 week-old fetus. The epidermis, which consists only of a sparse
germinative layer and a peridcrm, is replete with glycogcn. P.A.S. Magnif. 730><
FIG. 2. Skin from the hand of a 10 week-old fetus. The entire epidermis is full of glycogen. The globose
peridermal cells are particularly rich in it. P.A.S. Magnif. 100 X
FIG. 3. Skin of the finger of a 17 week-old fetus. Glycogen is abundant in the periderm, and here and
there in the basal cells of the rete ridges. P.A.S. Magnif. 100 X
FIG. 4. Skin from tbe face of a 16 week-old fetus. Glycogen, present in the cells of the stratum inter-
medium and in those of the peridcrm, is absent from the basal cells. P.A.S. Magnif. 730 X
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(Fig. 1), and chest. From the time of early fetal
life, there is abundant glycogen in the mesenchy-
mal cells and in the ground substance of the
presumptive dermis and hypodermis, in the
form of plaques or granules (Table I).
During the first 8 to 10 weeks, there is much
glycogen in the basal layer and in the periderm,
but after the tenth week, it is present in lesser
amounts, it may completely disappear (Fig. 5)
or attain a patchy discontinuous distribution
(Fig. 3). The disappearance of glycogen coincides
with the beginning of the proliferative phase of
the germinative layer. There is centrifugal pro-
liferation in the formation of the stratum inter-
medium and centripetal proliferation in the
formation of the heaps of cells which mark the
beginning of the epidermal ridges from which
arise the epidermal appendages. Proliferation
begins first in the epidermis of the finger tips,
where the anlagen of the eccrine sweat glands
first appear. In the eyelids, chin, and upper lip,
the anlagen of the hair follicles also appear pre-
cociously near the end of the second month. The
cells of both these anlagen contain little or no
glycogen (Figs. 6, 7, 8). Near the end of the
third month, the epidermis of the dorsal surface
of the fingertips begins to invaginate to form the
posterior nail fold, marking the first differentia-
tion of the nail complex. Definite deposits of
glycogen appear in the cells of the various parts
of this structure (Fig. 14). The cells of the
posterior sulcus and those of the hyponychium
are also rich in glycogen, but the cells of the
eponychium contain only moderate amounts of
it. Even the cells of the nail wall and nail bed
contain glycogen, and only the germinative
layer is free of it. Discrete concentrations of
glycogen are present in the anlagen of the seba-
ceous glands of the precocious hair follicles.
Glycogen in all of these cells is often in the form
of fine granules arranged in parallel lines across
the cytoplasm. In poorly fixed material, or in
tissues which are not fresh, glycogen appears
at one or both of the poles of the cells.
Amylophosphorylase. There is a fairly close
correspondence between the presence of glycogen
and that of amylophosphorylase reactivity.
Concordant with the distribution of glycogen,
there are differences in the localization of this
enzyme itt the various regions of the body. On
the volar surface of the digits, the enzyme is
concentrated in the lower portion of the mal-
pighian layer. It is especially marked in the
epidermal ridges, from which the anlagen of the
sudoriparous glands arise. Each developing
sudoriparous gland in the digits has a core of
TABLE I
Distribution and Concentration of Glycogen and Phosphorylase in Epidermis, Dermis and Hypodermis
Location
Fetuses from 1—3 months Fetuses from 3—S months Fetuses from 6—9 months
Glycogen Phosphorylase Glycogen Phosphorylase Clycogen Phosphorylase
Epidermis
Epitrichial-horny layer +++ ++ ++ or + ++ or + 0 0
Granular layer — — + or 0 ++ 0 + or 0
Intermediate-prickle layer +++ ++ ++ ++ ++ or 0 + or ++
Basal layer ++ or 0 + or 0 0 or + + or 0 0 or + + or 0
Basal membrane 0 0 0 0 0 0
Dermis and Hypodermis
Mesenchymal cells-fibro- 0 or ++ ++ or + 0 or + ++ or 0 + or 0 + or 0
blasts
Mast cells — — 0 or ++ + 0 0
Histiocytes — — 0 or ++ 0 or + 0 0
Reticular fibers 0 0 0 0 0 0
Collagenous fibers 0 0 0 0 0 0
Elastic fibers — — — — 0 0
Ground substance ++ 0 ++ 0 + or 0 0
Fat layer cells — — ++ + + +
Blood vessels 0 0 0 + 0 + or 0
Nerves 0 0 0 0 0 0
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FIG. 5. Skin from the face of a 16 week-old fetus. As io Figure 4 glycogen is absent from the columnar
basal cells. Observe also the basal membrane. P.A.S. Magnif. 722 X
FIG. 6. Scalp from a 16 week-old fetus. Glycogen is present in the periderm and in the stratum inter-
medium, but there is none in the hair germ. The hair germ has a distinct basal membrane. P.A.S. Magnif.
722 X
FIG. 7. Scalp of a 16 week-old fetus. Glycogen, abundant in the cells that are detaching themselves
from the periderm, is absent from the hair germ. P.A.S. Magnif. 722 ><
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FIG. S. Skin from the finger of a 16 week-old fetus. Glycogen is absent from the cells of the rete ridges
but present in the cells of the stratum intermedium. The stratum intermedium is continuous with
the core of the ridges from which may be seen the anlage of an eccrine sweat gland. P.A.S. Magnif. 800 X
FIG. 9. Skin from the chest of a 17 week-old fetus. There are 2 hair follicles in different stages of
development. In the one on the left, the sebaceous glands contain glycogen in the peripheral, undifferen-
tiated cells; the bulge and the outer root sheath abound in glycogen. The follicle to the right, which
is less advanced than the one to the left, has glycogen throughout the bulge of the sebaceous gland.
A primary hair germ can be seen developing from the epidermis immediately above the follicle to the
left. P.A.S. Magnif. 180><
FIG. 10. Skin from the finger (nail wall) of a 17 week-old fetus. An anlage of an eccrine sweat gland,
developing from the stratum germinativum of the epidermis. Like the former, it contains no glycogen.
There is a moderate amount of glycogen in the clavate terminal portion of the gland, and a large amount
of it in the cells of the stratum intermedium and in those of the periderm. In the lower part of the figure,
the posterior nail sulcus contains glycogen; none of the basal cells do. P.A.S. Magnif. 374 X
FIG. 11. Skin from a finger of a 24 week-old fetus. Glycogen, abundant in the stratum spinosum of the
epidermis, is absent in the developing eccrine sweat glands. P.A.S. Magnif. 340 X
FIG. 12. Skin from a finger of a 17 week-old fetus. Glycogen is abundant in the epidermis, but none
is present in the basal layer, and in the cells of the intraepidermal portion of a duct of a sweat gland.
P.A.S. Magnif. 374 X
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FIG. 13. Skin of the face of a 17 week-old fetus. The elements that develop from the hair follicle are
seen very well. From above an apocrine sweat gland, below it a sebaceous gland, and finally the bulge
with its attached arrector pili muscle. This section has been digested with saliva before it was treated
with the PAS technique and the glycogen has been eliminated. One can observe the PAS positive,
saliva resistant basement membrane. P.A.S.—Control, Magnif. 350 X
FIG. 14. Skin from a finger of a 11 week-old fetus. The distribution of glycogen is very clear in the
cells of the eponychium, in those of the posterior nail fold, in the nail matrix, in the hyponychium, the
epidermis and the rate ridges, and in the anlagen of the eacrine sweat glands. P.A.S. Magnif. 26 X
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FIG. 15. Skin from the face of a 17 week-old fetus. In this figure observe the rich deposits of glycogen
in the hair follicles which are in different stages of development. Glycogen is also present in the inter-
follicular dermis and in the differentiating fat cells in the hypodermis. P.A.S. Magnif. 44 X
FIG. 16. Skin from the axilla of a 26 week-old fetus. Glycogen is found in the stratum spinosum of
the epidermis and in the outer root sheath of a follicle which is probably in catagen. At the bottom
of the figure is a developing follicle. Glycogen is present also in the peripheral cells of the sebaceous
gland and of the apocririe sweat gland. P.A.S. Magnif. 295 X
%THE SKIN OF THE FETUS 207
FIG. 17. Skin from the face of a 17 week-old fetus. There is much glycogen in the ground substance
of the dermis and in the various parts of the pilary system. P.A.S. Magnif. 168 X
FIG. 18. Skin from the face of a 17 week-old fetus. Abundant glycogen in the ground substance and
in the dermal cells. P.A.S. Magnif. 177 X
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FIG. 19. Skin from the hand of an 11 week-old fetus. Irregular and discontinuous phosphorylase ac-
tivity in the dermis and the epidermis. Takeuchi and Kuriaki—Magnif. 352 X
FIG. 20. Skin from the finger of a 10 week-old fetus. There is sparse phosphorylase activity in the
epidermis of the nail wall. Takeuchi and Kuriaki—Magnif. 352 X
FIG. 21. Skin from the finger of an 11 week-old fetus Intense phosphorylase activity in the epidermis
of the nail wall and in the posterior nail fold. The stratum germinativum has practically no reactivity.
Takeuchi and Kuriaki—Magnif. 352 X
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FIG. 22. Skin from the finger of an 11 week-old fetus. Phosphorylase activity is seen clearly in the nail
region and in the epidermis. Takeuchi and Kuriaki—Magnif. 54X
FIG. 23. Skin from the finger of an 11 week-old fetus. An ecerine sweat gland developing from the nail
wall is rich in phosphorylase activity, Takeuchi and Kuriaki—Magnif. 108 X
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FIG. 24. Skin from the face of a 25 week-old fetus. There is intense phosphorylase activity in all of
the regions of the hair follicle, but none in the cells of the differentiated sebaceous gland in the center
of the figure. Takeuchi and Kuriaki—Magnif. 77 X
FIG. 25. Skin from the toe of a 25 week-old fetus. Abundant phosphorylase activity in the nail matrix
and in the eccrine sweat glands. Takeuchi and Kuriaki—Magnif. 41 X
FIG. 26. Skin from the toe of a 25 week-old fetus. There is greater phosphorylase activity in the
eccrine sweat glands than in the epidermis. Takeuchi and Kuriaki—Magnif. 77 X
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FIG. 27. Scalp from an 11 week-old fetus. Rich phosphorylase activity in the outer root sheath of a
follicle; there is nearly no activity in the bulb and in the dermal papilla. Takeuchi and Kuriaki—Mag-
nif. 57 X
FIG. 28. Scalp from a 20 week-old fetus. Clearly demonstrated distribution of phosphorylase activity
in the various regions of the hair follicles and in the epidermis. Takeuchi and Kuriaki—Magnif. 114 X
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enzymatieally reactive cells, but there is scant
enzyme activity in the cords of cells deep in the
dermis (Fig. 23). The mesenchymal cells and
the developing fibroblasts around the anlagen
always manifest some enzyme activity. On the
dorsal surfaces of the fingertips, there is strong
enzyme activity in the posterior nail fold, in
the nail wall, and in the eponychium, the hypo-
nychium, and the future nail matrix (Fig. 22).
The basal cells of these structures have little or
no amylophosphorylase reactivity (Figs. 20, 21).
The very thin epidermis which is present over
the body surface has moderate enzyme activity
only in the periderm (Fig. 19).
In the palms and soles, back, and chest, there
is amylophosphorylase in the upper portions of
the malpighian layer and in the periderm. In
the anlagen of the pilary system, phosphorylase
activity appears only when the two bulges are
formed: the superior bulge is the rudiment of
the sebaceous gland, and the inferior is the bulge
proper to which the arreetor pilorum muscles
are later attached. Both are very rich in enzyme
content, especially the bulge proper.
Fetuses 3 to 6 Months
Glycogen. Skin acquires most of its charac-
teristic features during this period. The epidermis
assumes its usual adult form, and all of the
developmental processes including latent ones,
are initiated or completed. The stratum spinosum
and stratum eorneum of the epidermis become
distinct. The development of the pilosebaceous
units, the eeerine and apoerine glands, and the
nail complex are either underway or completed
by the end of 6 months, but their state of de-
velopment may be discrepant. Dischrony in
development in the different parts of the body
is most evident during this period, even in
fetuses of approximately the same age (7, 16,
17).
Glyeogen gradually disappears from the epi-
dermis and almost vanishes by the end of the
sixth month. It disappears first from the cells of
the periderm, then from those of the stratum
corneum which are just forming beneath the
periderm. The stratum spinosum may retain
some glycogen, but not the stratum basale.
There is usually some glycogen in the epidermis
near the orifices of the pilosebaeeous units and
near the nail folds. The presence of glycogen in
the epidermis is not always predictable during
these epochs of development.
The dermis and the hypodermis, which be-
come progressively more fibrous and less cellular,
have much glycogen in the ground substance
(Figs. 17, 18). In the face and the scalp, even the
cells of the adipose layer often contain consider-
able quantities of glycogen (Fig. 15). The
mesenehymal cells, the fibroblasts, and the mast
cells contain little or no glycogen.
Eecrine sweat glands, appear in the third
month, first in the palms, later in the axillae, and
finally, near the end of the fifth month, in the
rest of the body. Over the general body surface
the ecerine glands develop characteristically
around the hair follicles (18). The anlagen of
these glands are usually free of glyeogcn, al-
though a core of cells inside them usually con-
tains a moderate amount of it (Fig. 14). The
distal ends of the cords of cells of the eecrine
sweat glands become glomerate, while their
superficial segments form the helicoid, epidermal
portions of the ducts. Small quantities of glyeo-
gen may be found in the solid cords of cells of the
presumptive duet, but glycogen is rarely found
in the terminal, intraepidermal portion of the
duct (Figs. 10, 11, 12). The developmental
events of the sweat glands may best be studied
in the tips of the digits, where there are no other
epidermal appendages to interfere with observa-
tions on the sweat glands. From the fourth to
the sixth month, the eponyehium and hypo-
nyehium of the developing nail become dis-
tinguishable, and the anterior limiting furrow
appears beneath the hyponychium. With the
exception of the basal and the spinous layers of
the nail bed, which are free of glycogen, the
various portions of the nail complex always
contain moderate to abundant quantities of
glyeogen. The malpighian layer of the epo-
nychium, nail wall, hyponyehium, anterior
limiting furrow end sole plate, all contain glyco-
gen. As soon as the nail lamina begins to be
formed from the matrix, a considerable reduction
takes place in the content of glyeogen in the
tissues immediately surrounding it.
During the first three months, the pilosebace-
ous systems develop only in the face and scalp.
In the fourth and fifth fetal months, however,
their development spreads in a eephaloeaudal
direction over the rest of the body surface. Dur-
ing this period, while the hair follicles on the
head are completely formed and are producing
hairs, most of those on the back and abdomen
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are barely differentiated (hair peg and bulbous
peg stages). A clump of cells in the outer root
sheaths of hair follicles near the surface of the
skin mark the anlagen of sebaceous glands:
another clump of cells develops later below the
former giving rise to the bulge proper. In the
axilla, and here and there on the scalp, and
elsewhere (16) the anlagen of the apocrine
sweat glands later begin to develop from hair
follicles at a point just above the sebaceous
glands, usually at the time when the follicles are
completely developed and are in process of
forming a hair (Fig. 13). In the fifth month,
many hair follicles are quiescent and contain a
club hair, thus initiating the first periods of
growth and quiescence. Tables II and 111 show
glycogen absent from the primitive hair germs.
Glycogen appears in these primordia when they
have become elongated cell cords with bulbose
ends that have grown around the dermal papillac
(Fig. 9). In the developing hair follicles, glycogcn
appears first in the globate cells in the center; it
appears later in the peripheral, radially oriented,
cylindrical cells, and finally, by the time that the
anlagen of the sebaceous glands and the bulge
have developed, all arc rich in glycogen. In the
sebaceous glands glycogen gradually disappears
from the central, presumptive schaceous cells
as they undergo sebaceous differentiation (Figs.
9, 15, 17). Eventually glycogen remains only in
the peripheral, nondifferentiated cells (Fig. 16).
The column of cells which later forms the pilary
canal, contains much less glycogen than the
malpighian layer it traverses. The cells of the
external root sheath of the hair, and particularly
those below the level of the bulge, are laden
with glycogen. The bulb of the follicle, the
internal root sheath, the keratogenous zone of
the hair, and the dermal papilla contain prac-
tically no glycogen (Fig. 9). The distribution
of glycogen seems to correspond both to the
apparent rate of keratinization and differentia-
tion, and to the rate of mitotic activity (17).
The arrectores pilorum muscles contain glycogen
even before they become attached to the bulge;
the pcrifollicular dermis, particularly the area
surrounding the developing muscle, is rich in
glycogen. Quiescent hair follicles have large
quantities of glycogen in the outer root sheath,
in the epidermal sac around the club and in the
hair germ. Only the dcrmal papilla is glycogcn
free.
The early primordia of the apocrine glands
contain small amounts of glycogen (Figs. 15, 17).
When the primordia become elongated, glycogen
tends to disappear (Fig. 16) but partially reap-
pears as soon as the secretory portion of the
gland is formed in the early part of the last fetal
trimester (see Table II).
Amylophosphorylase. Amylophosphorylase ac-
tivity is found almost everywhere in the skin,
even in places which have no demonstrable
glycogcn. The epidermis has mild to moderate
phosphorylase activity in the periderm and con-
siderable activity in the spinous and granular
layers. The presence of enzyme activity is variable
in the basal layer. All of the cells in the pre-
sumptive dermis, those of the blood vessels, and
the adipose cells below the dermis, have phos-
phorylase activity. In eccrine glands, there is
strong enzyme reaction in the secretory coil,
with less intensity of it in the duct (Figs. 25, 26)
There are always moderate amounts of phos-
phorylase activity in the different elements of
the developing nail complex: only the cells of
the basal layer of the nail matrix are free of it for
the most part (Fig. 25). Some portions of the
nail have a reaction so intense that it masks
the details of structure. The intensity of phos-
phorylase activity in the developing pilosebaceous
units, the apocrine glands, and the arrectores
pilorum muscles, always corresponds with the
richness of glycogen deposits (see Tables II and
III), although exceptions exist (Figs. 24, 27 28).
For example, the differentiated cells of the
sebaceous glands, which contain no glycogen,
often show enzyme activity, as do the dermal
papillac of hair follicles, where glycogen is
seldom present (Fig. 24).
Fetuses 6 to 9 llfonths
Glycogen. The skin has now assumed most of
its definitive structure. The epidermis has a
well-formed granular layer. The dermoepidermal
junction resembles that of postnatal skin and
keratinization is taking place. With the exception
of the apocrine glands, the cutaneous appendages
and the dermis are similar in apperance to those
of the newborn. The sebaccous glands are even
larger than those of the infant (Fig. 24). In the
epidermis the stratum corneum and stratum
granulosum have no glycogen, but a certain
amount always persists in the spinous layer
(Fig. 11). It is nearly always absent from the
basal layer. The eccrine sweat glands have
variable amounts of glycogen both in the secre-
tory coil and in the duct; the helical intraepi-
dermal portion of the duct, however, is always
glycogen free. The distribution of glycogen in
the various portions of the developing nail is
more or less as in the preceding period, except
that there is some diminution particularly in
the eighth and ninth months. Glycogen in the
pilosebaceous apparatus is similar to that in
postnatal life (17, 19). The apocrine sweat
glands have some glycogen in the duct, and
practically none in the secretory portion. There
is, as yet, no recognizable myoepithelial layer
of cells around the secretory portion of the
apoerine sweat glands. The fibroblasts in the
dermis, the differentiating adipose cells, and the
ground substance here and there contain
glycogen.
Amylophosphorylase. The distribution and
concentration of this enzyme in the skin and
cutaneous appendages in this period are not
appreciably different from those described in
the preceding trimester. Our observations,
however, are restricted to fetuses six to eight
months. Notwithstanding this limitation, these
observations should be valid and applicable to
the skin of nine-month old fetuses, since even in
the newborn the distribution of phosphorylase
is similar to that described herein (13, 14).
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TABLE II
Distribution and Concentration of Glycogen and Phosphorylase in Sweat Glands, Sebaceous
Glands and Nails
Fetuses from 1—3 months Fetuses from 3-6 months Fetuses from 6—9 months
Glycogen Phosphorylase Glycogen Phosphorylase
Location
Eccrine Sweat Gland
Anlagen
Hands and feet
Elsewhere
a) Secretory portion
b) Duet
Coiled basal portion
Straight portion
Intraepid. portion
Apocrine Sweat Gland
Anlagen
a) Secretory portion
b) Duet
c) Myoepithelial cells
Sebaceous Gland
a) Anlagen
b) Peripheral undifferentiated
cells
c) Differentiated cells
d) Sebaceous duct
Nail
Posterior nail fold
Eponychium
Nail wall
Nail Matrix
Nail bed
Nail plate
Hyponychium
Anterior limiting furrow
Sole plate
Glycogen
trace
+
+
0
++
+
+
+ or 0
+ or 0
+++
+
+
Phosphorylase
++
+
+
+ or 0
++
+
+
+ or 0
+ or 0
++
+
+
trace
trace
+ or 0
+ or 0
+ or 0
0
+ or 0
+
+++
++
0
+ or 0
++
++
++
+
+ or 0
0
+++
+++
++
++
+
++
++
+++
+
+ or 0
+ or 0
++
++
+ or 0
++ or 0
++
++
++
++
+
0
++
++
++
trace
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TABLE III
Distrsbution and Concentration of Glycogen and Phosphorylase in Hair Follicle
Location
Fetuses from 1—3 months Fetuses from 3—6 months Fetuses from 6—9 months
Glycogers Phosphorylase Glycogen Phosphorylase Glycogen Phosphorylase
Hair Germ 0 0 or + 0 0 or + 0 0 or +
Hair Peg
Peripheral columnar cells 0 or ++ ++ 0 or ++ ++ 0 or ++ ++
Central longitudinal cells ++ +++ ++ +++ ++ +++
Bulge +++ ++ +++ ++ +++ ++
Bulb + or 0 + or 0 + or 0 + or 0 + or 0 + or 0
Dermal papilla 0 or + + or 0 0 or + + or 0 0 or + + or 0
Active Hair Follicle
a) Outer root sheath
Upper portion - - ++ ++ ++ +++
Lower portion - - +++ +++ +++ ++
b) Inner root sheath — — + or 0 + or 0 0 0
c) Bulb
Matrix — — 0 or + + or 0 0 or + + or 0
Upper bulb — — 0 or + + or 0 + or 0 + or 0
d) Keratogenous zone — — 0 0 0 0
e) Dermal papilla — — 0 or + + or 0 0 or + + or 0
f) Arrector muscle — — ++ ++ + ++
Resting Hair Follicle
a) Outer root sheath — — ++ ++ ++ ++
b) Epidermal sac — — ++ ++ ++ ++
c) Hair germ — — + + + +
d) Inner root sheath — — 0 0 0 0
e) Dermal papilla — — 0 + 0 +
f) Arrector muscle — — ++ ++ + ++
DISCUSSION
For the first time, this paper has gathered
reasonably complete observations on the dis-
tribution of glycogen and amylophosphorylase in
fetal skin. On the basis of such data, we can now
correlate the findings in fetal skin with those
obtained in the skin of the newborn, the infant,
the child, and the adult.
The presence or absence of glycogen in tis-
sues, its abundance or scarcity, is an indication
of lability of that substance which is rapidly
synthesized or broken down and which is of vital
importance to cellular metabolism. Repeated
careful observations of the distribution of glyco-
gen in the different regions of the body can give
us some ideas about its physiological significance.
Since cutaneous tissues are essentially non-
homogeneous, qualitative and quantitative
chemical analyses of substances do not tell us
enough about their significance, since one must
also know in which specific tissues a substance
is located, under known physiological conditions.
Thus, since glycogen is always present in the
cells of the external root sheath of hair follicles
regardless of its metabolic state, there must be a
significance here which transcends morphology.
The inconstancies in the literature on the pres-
ence or absence of glycogen in certain tissues is
perhaps due to the fact that the functional
states of organs may have differed at the time
that they were removed. Cutaneous glycogen is
far from inert (20, 21). It is constantly syn-
thesized and utilized by cutaneous cells (22),
represents a ready source of energy, and is
possibly a substance that could be utilized as an
intermediary product for the synthesis of other
substances (19).
This is not the place to discuss those studies
which emphasize the importance of carbohydate
metabolism in the skin (9, 23, 24, 25, 22). The
hydrolytic breakdown of every phosphoric bond
formed during the anaerobic glycolysis of lactic
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acid from glycogen is accompanied by the libera-
tion of approximately 12 to 16,000 calories (23).
The successive oxidative phase from pyruvate
and acetate to CO2 and H20 produces an energy
15 times greater than that produced in the gly-
colytic phase (9). We know today that nearly
all of the enzymes which catalyze the reactions
of the Krebs cycle have been found also in the
skin of man (26). This doesn't exclude, however,
the fact that during normal metabolism there
can be oxidative pathways in skin which are
more simple and direct (27).
The distribution of glycogen and amylophos-
phorylase suggests that the metabolism of gly-
cogen in the skin of the fetus differs from that in
the skin of the adult. The rapid synthesis, accu-
mulation and breakdown of glycogen seem to be
a response to increased metabolic demands.
The structure and function of the skin are so
primitive in early fetal life, that the energy
deriving from direct oxidative processes is low
and on the other hand, the quantities of energy
needed for growth and differentiation are large.
During the first phases of development, glycogen
is stored in all of the cells of the epidermis, in
the cells and ground substance of the dermis, and
in the fat cells. Nearly all observations (11, 19,
28, 29, 30) agree that during active keratiniza-
Lion, rapid mitotic activity, or increased secre-
tory activity, there is always a diminution or
disappearance of glycogen. In view of this such
glycogen could furnish the added required
energy. Glycogen could also be used for the
synthesis of such substances as lipids in sebaceous
glands and fat cells (19). No one seems to have
emphasized in the past the presence of large
quantities of glycogen in the extracellular sub-
stances of the dermis. This glycogen may be
responsible for the synthesis of the materials
in the ground substance, or it may furnish
energy for their synthesis.
Some of our observations emphasize the
following points: (1) At some sites, as in the
palms and soles, there are heavy accumulations
of glycogen in the epidermis and the nail even
after keratinization has begun. (2) Glycogen and
phosphorylase diminish in the dermal cells near
the end of fetal life. (3) Sebaceous glands are
rich in glycogen and phosphorylase as soon as
they develop, and the presence of glycogen is
inversely related to their state of differentiation.
(4) Except for the intraepidermal portion of their
ducts, eccrine sweat glands are rich in phosphoryl-
ase from the time that they appear. Glycogen,
first scarcely present throughout the gland,
nearly disappears during the various develop-
mental sequences and is abundant at the end of
fetal life. (5) Apocrine sweat glands have an
irregular distribution of both glycogen and
phosphorylase from the time of their earliest
development. (6) The epidermis and the dermis
of the nail apparatus are very rich in glycogen
and phosphorylase throughout fetal life. (7)
The pilosebaceous apparatus is the only cuta-
neous appendix in which the behavior, distribu-
tion, and concentration of glycogen and phos-
phorylase can be followed clearly throughout its
developmental history. (8) Glycogen is not a
static substance simply stored in tissues; it is
constantly synthesized and utilized, according
to the needs of the tissues.
SUMMARY AND CONCLUSIONS
This work presents, for the first time, system-
atic and relatively complete observations on
the distribution of glycogen and amylophos-
phorylase in the skin of graded human fetuses.
The developmental sequences can now be
related to the concentration of these substances.
1. The concentrations of glycogen differ from
region to region in fetuses of different ages and
in different regions of the same fetus. 2. Phos-
phorylase activity is present in all of the cells
that contain histochemically demonstrable gly-
cogen, as well as in some cells that do not. 3.
Much of the energy needed for the metabolism
of the skin of the embryo must be derived from
the anaerobic breakdown of glycogen. 4. Glyco-
gen in the epidermis, in the sebaceous glands, in
the differentiating adipose cells, and in the
ground substance of the dermis, may possibly
play a role as an intermediate substance in the
synthesis of other constituents on the skin. 5.
The cells of the epidermis remain rich in glyco-
gen until keratinization begins. Considerable
amounts of glycogen and phosphorylase activity
are found in the stratum spinosum and unpre-
dictable amounts may be found in the basal layer.
In certain places, such as the palm and soles,
glycogen may remain in the epidermis even
after the onset of keratinization. In the dermis,
glycogen is present both in the cells and in the
intercellular substances. Toward the end of fetal
life glycogen diminishes in the dermis. Sebaceous
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glands are rich in glycogen and phosphorylase,
except the differentiated cells in the center of
the acini. Eccrine sweat glands are always rich
in phosphorylase activity from the beginning of
differentiation. Glycogen disappears during the
proliferative phase of the gland, but reappears
near the end of fetal life, when the glands are
completely differentiated. Apocrine sweat glands
have sparse and discontinuous amounts of
glycogen and phosphorylase activity. The nail
apparatus is always very rich in both glycogen
and phosphorylase activity. The presence of
these two substances in the pilary systems is
similar to that found in postnatal skin. 6. It is
not possible to predict precisely where g]ycogen
may be found in any one tissue, because glycogen,
a labile, vital substance is probably synthesized
and utilized at different rates at all times.
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